A linear pathway for mevalonate production supports growth of Thermococcus kodakarensis.
The sole unifying feature of Archaea is the use of isoprenoid-based glycerol lipid ethers to compose cellular membranes. The branched hydrocarbon tails of archaeal lipids are synthesized via the polymerization of isopentenyl diphosphate (IPP) and dimethylallyl diphosphate (DMAPP), but many questions still surround the pathway(s) that result in production of IPP and DMAPP in archaeal species. Isotopic-labeling strategies argue for multiple biological routes for production of mevalonate, but biochemical and bioinformatic studies support only a linear pathway for mevalonate production. Here, we use a combination of genetic and biochemical assays to detail the production of mevalonate in the model archaeon Thermococcus kodakarensis. We demonstrate that a single, linear pathway to mevalonate biosynthesis is essential and that alternative routes of mevalonate production, if present, are not biologically sufficient to support growth in the absence of the classical mevalonate pathway resulting in IPP production from acetyl-CoA. Archaeal species provide an ideal platform for production of high-value isoprenoids in large quantities, and the results obtained provide avenues to further increase the production of mevalonate to drive isoprenoid production in archaeal hosts.